ABSTRACT
Further development of successful control methods for carp populations is urgently required 38 to support the conservation of waterbirds in the Mediterranean region.
Introduction

44
Aquatic ecosystems have often been protected because of their importance for 45 waterbirds, which can act as flagship species for conservation, and also provide important These invasive species act as ecosystem engineers and cause profound trophic and non- (Vilizzi, 2012 Medina lake (120 ha) is the third largest natural lake in Andalusia, SW Spain with a 126 catchment area of 1900 ha (Fig. 1) . It is a permanent, shallow, closed-basin lake with mean periods (Amat, 1984 leucocephala, we compared the number of breeding pairs of these birds before and after carp 219 invasion in Medina lake using a Mann-Whitney test.
220
The significance of explanatory factors in GLMs was tested using F tests. Log- 
Results
230
Up to 32 water bird species were recorded on Medina lake at any one time during the (Table S1 ). The red-knobbed coot (Fulica cristata) was regularly present 236 (Table S1 ) and up to 7 ferruginous duck Aythya nyroca (IUCN near-threatened) were (Table S1 ). lake, although the reduction was not significant for A. ferina (P > 0.05).
266
Although carp presence had no significant effect on the overall abundance and species 267 richness of dabbling ducks, there was a marked decline in gadwall (A. strepera) numbers 268 during C. carpio invasion (Tables 2 and S1 ). The presence of carp increased the abundance 269 and richness of piscivorous birds, although the effects were not consistent between species 270 and were only significant at the species level for the small population of grey herons (Ardea 271 cinerea) (Tables 1 and 2) . A significant negative effect of C. carpio on abundance was also 272 observed for the small grebes T. ruficollis and P. nigricollis, and the greater flamingo (Fig 6) .
273
Water depth was influential, and at shallower depths there were increases in abundance of 
290
Unlike two previous studies of carp impact on waterbirds at the whole lake level .
302
Our results demonstrate that carp invasion has negative effects on a range of 
